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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS 

 

The release of over five million cubic yards of coal combustion residue from the Tennessee 
Valley Authority’s Kingston, Tennessee facility in December 2008, which flooded more than 
300 acres of land and damaged homes and property, is a wake-up call for diligence on coal 
combustion residue disposal units.  A first step toward this goal is to assess the stability and 
functionality of the ash impoundments and other units, then quickly take any needed corrective 
measures. 
 
This assessment of the stability and functionality of the Canadys Station management units is 
based on a review of available documents and on the site assessment conducted by Dewberry 
personnel on February 15, 2011.  We found the supporting technical documentation adequate 
(Section 1.1.3).  As detailed in Section 1.2.3, there were two recommendation based on field 
observations that may help to maintain a safe and trouble-free operation.  
 
In summary, the Canadys Station Active Ash Pond facility is POOR for continued safe and 
reliable operation, due to the factor of safety for seismic loading conditions not meeting required 
standards.  South Carolina Electric & Gas has undertaken additional geotechnical studies to 
further analyze Factors of Safety, and has indicated the utility will take the necessary actions to 
bring the dikes up to at least the minimum Factor of Safety under seismic loading conditions.  
Note that under static conditions the Canadys Station Ash Pond units are Satisfactory for 
continued safe and reliable operation. 
 
 

PURPOSE AND SCOPE 

 
The U.S. Environmental Protection Agency (EPA) is investigating the potential for catastrophic 
failure of Coal Combustion Surface Impoundments (i.e., management unit) from occurring at 
electric utilities in an effort to protect lives and property from the consequences of a dam failure 
or the improper release of impounded slurry.  The EPA initiative is intended to identify 
conditions that may adversely affect the structural stability and functionality of a management 
unit and its appurtenant structures (if present); to note the extent of deterioration (if present), 
status of maintenance and/or a need for immediate repair; to evaluate conformity with current 
design and construction practices; and to determine the hazard potential classification for units 
not currently classified by the management unit owner or by a state or federal agency.  The 
initiative will address management units that are classified as having a Less-than-Low, Low, 
Significant, or High Hazard Potential ranking (for Classification, see pp. 3-8 of the 2004 Federal 
Guidelines for Dam Safety). 
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In early 2009, the EPA sent letters to coal-fired electric utilities seeking information on the safety 
of surface impoundments and similar facilities that receive liquid-borne material that store or 
dispose of coal combustion residue.  This letter was issued under the authority of the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
Section 104(e), to assist the Agency in assessing the structural stability and functionality of such 
management units, including which facilities should be visited to perform a safety assessment of 
the berms, dikes, and dams used in the construction of these impoundments. 
 
EPA requested that utility companies identify all management units including surface 
impoundments or similar diked or bermed management units or management units designated as 
landfills that receive liquid-borne material used for the storage or disposal of residuals or by-
products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler 
slag, or flue gas emission control residuals.  Utility companies provided information on the size, 
design, age and the amount of material placed in the units (See Appendix C).   
 
The purpose of this report is to evaluate the condition and potential of residue release from 

management units.  This evaluation included a site visit.  Prior to conducting the site visit, a 
two-person team reviewed the information submitted to EPA, reviewed any relevant publicly 
available information from state or federal agencies regarding the unit hazard potential 
classification (if any) and accepted information provided via telephone communication with the 
management unit owner.  Also, after the field visit, additional information on seismic loading 
conditions was received by Dewberry & Davis LLC about the Canadys Ash Ponds that were 
reviewed and used in preparation of this report. 
 
This report presents the opinion of the assessment team as to the potential of catastrophic failure 
and reports on the condition of the management unit(s).   
 
Note:  The terms “embankment”, “berm”, “dike” and “dam” are used interchangeably within 
this report, as are the terms “pond”, “basin”, and “impoundment”.  
 
 

LIMITATIONS 
The assessment of dam safety reported herein is based on field observations and review of 
readily available information provided by the owner/operator of the subject coal combustion 
residue management unit(s).  Qualified Dewberry engineering personnel performed the field 
observations and review and made the assessment in conformance with the required scope of 
work and in accordance with reasonable and acceptable engineering practices.  No other 
warranty, either written or implied, is made with regard to our assessment of dam safety. 
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1.0 CONCLUSIONS AND RECOMMENDATIONS 

 

1.1 CONCLUSIONS 

Conclusions are based on visual observations from a one-day site visit on 
February 15, 2011, and review of technical documentation provided by South 
Carolina Electric & Gas (SCE&G). 

1.1.1 Conclusions Regarding the Structural Soundness of the Management 
Unit(s) 

The dike embankments and spillway appear to be structurally sound based 
on a review of the engineering data provided by the owner’s technical staff 
and Dewberry engineers’ observations during the site visit; however, 
factors of safety for seismic loading conditions do not meet required 
standards.  SCE&G is aware of this concern and has reported that it is 
taking appropriate action.  It should be noted that a deep-seated failure that 
would compromise the overall integrity of the dike during the design 
earthquake is not likely and that the dike will be capable of retaining the 
coal ash during and immediately following the design earthquake event.   

1.1.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the 
Management Unit(s) 

Adequate capacity and freeboard exists to safely pass the design storm. 

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical 
Documentation 

Supporting technical documentation is adequate.  Engineering 
documentation reviewed is referenced in Appendix A.  

1.1.4 Conclusions Regarding the Description of the Management Unit(s) 

The description of the management unit provided by the owner was an 
accurate representation of what Dewberry observed in the field. 

1.1.5 Conclusions Regarding the Field Observations 

The overall visual assessment of the ash pond embankment system was 
that it was in satisfactory condition; however, surficial sloughing was 
observed along the Ash Pond’s downstream slope.  Embankments visually 
appear structurally sound.    
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1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 
Operation 

The current maintenance and methods of operation appear to be adequate 
for the ash management unit.  

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 
Program 

The surveillance program appears to be adequate. 

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable 
Operation 

The Active Ash Pond facility is rated POOR for continued safe and 

reliable operation due to the factors of safety for seismic loading 

conditions that do not meet required standards.  

1.2 RECOMMENDATIONS 

1.2.1 Recommendations Regarding the Structural Stability 

As recommended by its own engineering studies, additional data are 
required on the dike and foundation soils to permit a more in-depth 
analysis of risks from seismic events.  An action plan needs to be 
developed and implemented to take the necessary actions to increase 
factors of safety, meet all applicable standards and requirements, and to 
address surficial sloughing.  It is our understanding that the SCE&G is 
aware of this need and is taking appropriate action. 

1.2.2 Recommendations Regarding Maintenance and Methods of Operation 

The following issues need to be addressed with routine maintenance: 

 Re-vegetate embankment where necessary 

1.2.3 Recommendations Regarding Continued Safe and Reliable Operation 

 Develop an action plan to increase the factors of safety for the ash 
pond embankments to meet or exceed the minimum requirement 
for factors of safety for seismic loading conditions. 
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 Develop an action plan to address surficial sloughing along 
downstream slope.  Perform remediation along downstream slopes 
where surficial sloughing is occurring. 

1.3 PARTICIPANTS AND ACKNOWLEDGEMENT 

1.3.1 List of Participants 

Tim Miller, South Carolina Electric & Gas (SCE&G) 
Wes Coker, South Carolina Electric & Gas (SCE&G) 
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT 

UNIT(S) 

 

2.1 LOCATION AND GENERAL DESCRIPTION 

The Canadys Steam Power Station and ash ponds are located approximately 1 mile 
north of Canadys, South Carolina along the Edisto River.  The town of Givhans is 
approximately 16 miles downstream of the ash ponds.  Figure 2.1a depicts a vicinity 
map around the Canadys Steam Power Station while Figure 2.1b depicts an aerial 
view of the Canadys Facility. 

 

Figure 2.1a: Canadys Steam Power Station Vicinity Map 
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Figure 2.1b: Canadys Steam Power Station Aerial View 

 
2.2 COAL COMBUSTION RESIDUE HANDLING 

2.2.1 Fly Ash 

Fly ash is collected from the hoppers of the electrostatic precipitators 
(ESP) on Units 1 and 2 and from the hoppers of the baghouse on Unit 3 
(see photo below).  The fly ash from Units 1 and 2 is conveyed 
hydraulically through a series of pipes, along with the bottom ash and 
boiler slag from these units, to the Active ash Pond.  Like Units 1 and 2, 
the fly ash from Unit 3 can also be conveyed hydraulically, along with the 
bottom ash and boiler slag, to the Active Ash Pond.  However, the Unit 3 
fly ash may also be pneumatically conveyed to a 1,200 ton ash storage 
silo.  From the silo, the plant has the option of loading the fly ash into 
trucks to be transported for beneficial reuse.  Silo storage and transport is 
the preferred method of handling the Unit 3 fly ash if the opportunity for 
beneficial use is available.  The discharge into the ash pond is continuous 
as long as any of the three units within the plant is in service.  If all three 
of the units are off line, the ash sluice system may be shut down.  A 
flowchart for hydraulically conveying the ash is shown in Appendix A 
(Doc 01 - Water Flow Diagram).  

Active 
Ash 
Pond 

Inactive 
Ash 
Pond 

Polishing 
Pond 

Canadys 
Station 
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Hopper feeding ash sluice line 

2.2.2 Bottom Ash 

Bottom ash is collected from the boilers, along with the boiler slag, and is 
sluiced to the Active Ash Pond in the same pipes as the fly ash and boiler 
slag. 

2.2.3 Boiler Slag 

Boiler slag is collected from the boilers, along with the bottom ash, and is 
sluiced to the Active Ash Pond in the same pipes as the fly and bottom 
ash. 

2.2.4 Flue Gas Desulfurization Sludge 

No scrubbers are used in this plant so there is no flue gas desulfurization 
(FGD) process or related waste products to be discharged. 

2.3 SIZE AND HAZARD CLASSIFICATION 

The ash pond is impounded by an earthen embankment system consisting of a dike 
configuration.  There are two main ponds, one that is active with an internal dike 
separating the ash pond from the polishing pond, and one that is inactive.  Table 2.1 
provides information on dam height, crest width, length and side slopes.    
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Table 2.1: Summary of Dam Dimensions and Size 

  Active Ash Pond Inactive Ash Pond 

Dam Height (ft) 20 12 
Crest Width (ft) 12’/20’ 15 
Length (ft) 9,050 7,700 
Side Slopes (upstream) H:V 2.5:1 1:2 
Side Slopes (downstream) H:V 2.5:1 1.5:1 

 

Inactive Pond - The maximum remaining storage volume corresponding to the top 
of the embankment for the Inactive Ash Pond is 938,300 cubic yards based on an 
SCE&G Response to EPA (Appendix A: Doc 02 - Response to EPA) dated March 
20, 2009.  However, the Inactive Ash Pond is no longer used for coal combustion 
residual productions.  

Active Pond - The Active Ash Pond has a maximum remaining storage volume 
corresponding to the top of the embankment of 80,732 cubic yards based on the 
SCE&G Response to EPA.  It should be noted that since this last evaluation (2009) 
the Active Pond has been in use and the numbers have most likely changed. 

Table 2.2 provides information on the storage capacity and size of the ponds.  
Based on the storage capacity and other data in Tables 2.1 and 2.2, both ponds are 
considered Intermediate in size. 

Table 2.2: Maximum Capacity of Unit   
 Active Ash 

Pond 
Inactive Ash 

Pond 
Surface Area (acre)

 95 80 
Current Storage Capacity (cubic yards)

 2,189,468 675,000 
Current Storage Capacity (acre-feet) 1,357 418 
Total Storage Capacity (cubic yards)

 2,270,200 1,613,300 
Total Storage Capacity (acre-feet) 1,407 1,000 
Crest Elevation (feet) 80 69.5 
Normal Pond Level (feet) 72.1 - 

 

Table 2.3a: USACE ER 1110-2-106 

Size Classification 

Category 

Active Impoundment 

Storage (Ac-ft) Height (ft) 

Small 50 and < 1,000 25 and < 40 
Intermediate 1,000 and < 50,000 40 and < 100 
Large >  50,000 > 100 
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Table 2.3b: USACE ER 1110-2-106 

Size Classification 

Category 

Inactive Impoundment 

Storage (Ac-ft) Height (ft) 

Small 50 and < 1,000 25 and < 40 
Intermediate 1,000 and < 50,000 40 and < 100 
Large >  50,000 > 100 

 

A Hazard Classification has not been assigned by a regulatory agency, but based on 
observations and the lack of population in the surrounding area, a classification of 
Low appears to be appropriate.  Per the Federal Guidelines for Dam Safety dated 
April 2004, a Low Hazard Potential classification applies to those dams where 
failure or mis-operation results in no probable loss of human life and low economic 
or environmental losses.  Losses are principally limited to the owner’s property, and 
the land use surrounding the plant is rural.   

Table 2.3b: FEMA Federal Guidelines for Dam Safety 

Hazard Classification 

 Loss of Human Life Economic, Environmental, 

Lifeline Losses 

Low None Expected Low and generally limited to owner 
Significant None Expected Yes 
High Probable.  One or more 

expected 
Yes (but not necessary for 
classification) 

 

2.4 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE 
UNIT(S) AND MAXIMUM CAPACITY 

Both the Inactive Pond and the Active Ash Pond contain fly ash, bottom ash, pyrites 
and boiler slag.  The contents of the Active Ash Pond are available for beneficial 
reuse based on market demands.  The drainage area is the surface area of the ponds.  
Please note the polishing pond data is included with the Active Ash Pond for this 
section.  

Principal Project Structures 

2.4.1 Earth Embankment 

The original material of the embankment appears to be native soils based 
on SCE&G’s supplied geotechnical data. 
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2.4.2 Outlet Structures 

The Inactive Ash Pond had a 30” diameter riser and an outlet pipe that is a 
free outlet with no tailwater condition. 

The Active Ash Pond discharges into the polishing pond through a 4’ 
inside diameter riser with a 3’ barrel.  The discharge into the polishing 
pond is below the pond surface. 

The polishing pond discharges through a Parshall Flume to the Edisto 
River. 

2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT 

Critical structures were located by using aerial photography which might not 
accurately represent what currently exists down-gradient of the site.  No critical 
infrastructure was found to be downstream of the site with the exception of Colleton 
State Park and Jeffries Hwy/Porter Avenue (S.C. Highway 15).  
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS 

 

Summary of Reports on the Safety of the Management Unit 

SCE&G provided the two most recent annual inspection reports.  The most recent is 
the 2010 Annual Ash Pond Dike Inspection, Canadys Station, dated December 14, 
2010 (Appendix A: Doc 03 - 2010 Inspection Report). 

 Recommendations from 2009 report had been “aggressively repaired and 
maintained”; 

 The trench caused by the slurry wall construction silt fence had been 
repaired as noted in the 2009 report; 

 Minor surface erosion was present along the downstream slope where 
hydroseeding was not successful; 

 Rutting of the downstream slope was observed where mowing equipment 
was used; 

 The berm separating the polishing pond from the active ash pond appears to 
have “a very small localized slough”; 

 Woody vegetation observed in 2009 in the rip rap along the downstream 
slope had been removed. 

 Vegetation along the interior embankment had been cut down, 

 Tall grass was observed growing in the area of the inactive pond where little 
or no water was apparent. 

2009 Annual Ash Pond Dike Inspection, Canadys Station, dated 12/04/2009.  
(Appendix A: Doc 04 - 2009 Inspection Report) 

Active Ash Pond 

 Minor surface erosion was present along the downstream slope; 

 Sloughing had occurred where the silt fence was trenched into the dike 
during recent construction; 

 The berm separating the polishing pond and the active ash pond appeared to 
have been damaged during construction and a small localized slough was 
noticed. 
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 Woody vegetation that had established in the rip rap of the downstream 
slope had been removed. 

 Small trees were observed growing on the interior embankment of the ash 
pond and on the downstream slope near the outfall. 

 Deep ruts were noticed along the downstream toe of the ash pond which was 
noted to have been caused by recent vehicular traffic. 

Inactive Ash Pond 

 Surficial erosion was observed; it was noted that the areas were small and 
should “be easily repaired”; 

 Thick vegetation has established along the interior bank; 

 Tall grass was noted inside the active ash pond where little or no water was 
apparent. 

 The observer noticed “medium, large, and very large trees” flourishing 
within the ash of both ponds. 

 Waterfowl were noticed in the impounded water within the inactive pond. 

3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL 
PERMITS 

Discharge from the impoundment is regulated by the Federal National Pollutant 
Discharge Elimination Program (NPDES) and the impoundment has been issued a 
National Pollutant Discharge Elimination System Permit (No. SC0002020, dated 
July 1, 2004).  The South Carolina Department of Health and Environmental 
Control periodically inspects the ash ponds for compliance. 

3.2 SUMMARY OF SPILL/RELEASE INCIDENTS 

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or 
other performance related problems with the dam within the last 10 years. 
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION 

 

4.1 SUMMARY OF CONSTRUCTION HISTORY 

4.1.1 Original Construction 

The Inactive Ash Pond was commissioned in 1974.  The pond was 
designed by Gilbert Associates, Inc., but detailed documentation for the 
original design and construction of the pond was not provided. 

The Active Ash Pond was constructed in 1987 from original ground 
surface at an approximate elevation of 60’. 

4.1.2 Significant Changes/Modifications in Design since Original Construction 

A new slurry wall was constructed in 2007 within the Active Ash Pond to 
prevent seepage within the dike.  This construction was approved by South 
Carolina Department of Health and Environmental Control on September 
22, 2005.  

4.1.3 Significant Repairs/Rehabilitation since Original Construction 

No documentation of significant repairs/rehabilitation since the original 
construction was provided.  

4.2 SUMMARY OF OPERATIONAL PROCEDURES 

4.2.1 Original Operational Procedures 

The original ash pond (i.e., Inactive Ash Pond) and Active Ash Pond are 
designed and operated for reservoir sedimentation and sediment storage of 
ash.  Plant process waste water, coal combustion waste, coal pile 
stormwater runoff, and minimal stormwater runoff around the Ash Pond 
facility are discharged into the reservoirs.  Inflow water is treated through 
gravity settling and deposition, and the treated process water and 
stormwater runoff are discharged through an unregulated type overflow 
outlet structure.  

4.2.2 Significant Changes in Operational Procedures and Original Startup 

No documentation was provided describing any significant changes in 
Operating Procedures. 
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4.2.3 Current Operational Procedures 

To the best of our knowledge, original operational procedures are in 
effect.  The Inactive Ash Pond received coal combustion by-products until 
1989 and it has not been used since.  

4.2.4 Other Notable Events since Original Startup 

No additional information was provided. 
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5.0 FIELD OBSERVATIONS 

 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 

Dewberry personnel, Frederic Shmurak, P.E. and Justin Story, E.I., performed a site 
visit on Tuesday February 15, 2011. 

The site visit began at 10:00 AM.  The weather was partially cloudy and cool.  
Photographs were taken of conditions observed.  Please refer to the Dam Inspection 
Checklist in Appendix B for additional site observation information.  Selected 
photographs are included here for ease of visual reference.  All pictures were taken 
by Dewberry personnel during the site visit. 

The overall assessment of the dam was that it was in satisfactory condition and no 
significant findings were noted. 

5.2 ACTIVE ASH POND 

5.2.1 Crest 

The crest had no signs of rutting, depressions, tension cracking, or other 
indications of settlement or shear failure, and appeared to be in 
satisfactory condition. 

5.2.2 Upstream/Inside Slope 

The upstream slopes are mostly vegetated with tall grasses and other 
wetland vegetation.  No scarps, sloughs, depressions, bulging or other 
indications of slope instability or signs of erosion were observed. 

5.2.3 Downstream/Outside Slope and Toe 

There were signs of surficial sloughing particularly along the downstream 
slope.  Wetlands and a waterway channel are located along the 
downstream toe of the embankments.  (See Photos 1, 2, and 3.) 
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Photo 1.  Standing water in vehicular traffic ruts 

 

Photo 2.  Channel along the downstream toe 
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Photo 3.  Surficial sloughing along downstream slope 

5.2.4 Abutments and Groin Areas 

The ash pond embankment consists of a dike system completely 
surrounding the pond, therefore the earthen embankment does not abut 
existing hillsides, rock outcrops or other raised topographic features. 

5.3 INACTIVE ASH POND 

5.3.1 Crest 

The crest had no signs of any rutting, depressions, tension cracking, or 
other indications of settlement or shear failure, and appeared to be in 
satisfactory condition. 

5.3.2 Upstream/Inside Slope 

The interior of the pond is heavily vegetated and it appears the upstream 
slopes at one point in time had woody vegetation that was recently 
removed (see Photo 4).  No scarps, sloughs, depressions, bulging or other 
indications of slope instability or signs of erosion were observed. 
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Photo 4.  Upstream slope 

 
5.3.3 Downstream/Outside Slope and Toe 

No scarps, sloughs, depressions, bulging or other indications of slope 
instability or signs of erosion were observed.  

 

Photo 5.  Downstream slope 
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5.3.4 Abutments and Groin Areas 

The ash pond embankment consists of a dike system completely 
surrounding the pond, therefore the earthen embankment does not abut 
existing hillsides, rock outcrops or other raised topographic features. 

5.4 OUTLET STRUCTURES 

5.4.1 Overflow Structure 

The outlet structures for the Active Ash Pond and the Polishing Pond were 
properly discharging flow from the pond and visually appeared to be in 
good condition. 

5.4.2 Outlet Conduit 

The visual portion of the outlet conduit was functioning properly with no 
apparent deterioration for the Active, Inactive and Polishing Ponds. 

5.4.3 Emergency Spillway 

No emergency spillway is present. 

5.4.4 Low Level Outlet 

No low level outlet is present. 
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6.0 HYDROLOGIC/HYDRAULIC SAFETY 

 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 

6.1.1 Flood of Record 

No documentation was provided about the flood of record.  The Active 
Ash Pond is a diked embankment facility having a contributing drainage 
area equal to the surface area of the impoundment; therefore, the 
impounded pool would not be anticipated to experience significant 
changes in flood stage. 

6.1.2 Inflow Design Flood 

According to FEMA Federal Guidelines for Dam Safety, the current 
practice in the design of dams is to use the Inflow Design Flood (IDF) that 
is deemed appropriate for the hazard potential of the dam and reservoir, 
and to design spillways and outlet works that are capable of safely 
accommodating the flood flow without risking the loss of the dam or 
endangering areas downstream from the dam to flows greater than the 
inflow.  The recommended IDF or spillway design flood for a low-hazard 
intermediate-sized structure (See section 2.3), in accordance with the 
USACE Recommended Guidelines for Safety Inspection of Dams, ER 
1110-2-106 criteria, is the 100-year to ½ PMF (See Table 6.1.2). 

 

  

Table 6.1.2: USACE Hydrologic Evaluation Guidelines 
Recommended Spillway Design floods 

Hazard Size Spillway Design Flood 

Low 

Small 50 to 100-yr frequency 

Intermediate 100-yr to ½ PMF 

Large ½ PMF to PMF 

Significant 

Small 100-yr to ½ PMF 

Intermediate ½ PMF to PMF 

Large PMF 

High 

Small ½ PMF to PMF 

Intermediate PMF 

Large PMF 
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The Probable Maximum Precipitation (PMP) is defined by the American 
Meteorological Society as the theoretically greatest depth of precipitation 
for a given duration that is physically possible over a particular drainage 
area at a certain time of year.  The National Weather Service (NWS) 
further states that in consideration of our limited knowledge of the 
complicated processes and interrelationships in storms, PMP values are 
identified as estimates.  The NWS has published application procedures 
that can be used with PMP estimates to develop spatial and temporal 
characteristics of a Probable Maximum Storm (PMS).  A PMS thus 
developed can be used with a precipitation-runoff simulation model to 
calculate a probable maximum flood (PMF) hydrograph. 

The 24-hour, 10-square mile PMP depth is 44 inches (3.7’).  The 
freeboard of the Active Ash Pond is 7.9’ and the Polishing Pond is 16.6’.  
Since the facility has a contributing drainage area equal to the surface area 
of the impoundment, adequate freeboard exists so the facility would not 
experience significant flood states and could safely pass the design storm.  

6.1.3 Spillway Rating 

No spillway rating was provided.  The Ash Ponds are a diked embankment 
facility having a contributing drainage area equal to the surface area of the 
impoundment; therefore, the impounded pool would not be anticipated to 
experience significant changes in elevation.  The outlet structure uses a 
riser/barrel outlet device and the pond’s discharge is controlled by the 
hydraulic performance of the riser/barrel.  The outlet structure does not 
include devices to restrict or control outlet flow.  Given little change in the 
normal pool elevation, the resulting discharge rate is expected to be 
relatively constant. 

6.1.4 Downstream Flood Analysis 

No downstream flood analysis was provided. 

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Supporting documentation reviewed by Dewberry is adequate. 

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 

Adequate capacity and freeboard exists to safely pass the design storm. 
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7.0 STRUCTURAL STABILITY 

 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 

7.1.1 Stability Analyses and Load Cases Analyzed 

A stability analysis report for the ash pond dated December 8, 2005, by 
GEI Consultants, Inc., provides information on the stability analysis 
results.  Updated slope stability analysis reports, prepared by CDM dated 
March 16, 2011 and May 17, 2011 were provided after the site visit 
(Appendix A: Doc 11 - Seismic Slope Stability Analysis and Doc 12 – 
Static Slope Stability Analysis).  Steady state (normal) and seismic 
loading conditions were analyzed and are presented in Section 7.1.4 
Factors of Safety and Base Stresses. 

7.1.2 Design Parameters and Dam Materials 

The GEI Consultants, Inc. 2005 report includes documentation of the 
shear strength design properties for the ash pond embankments, and is 
presented in the following section.  The CDM 2007 report shows the 
geotechnical analysis of the new cement-bentonite slurry trench.  Soil 
properties information used in stability analyses from these reports is 
provided in Table 4a.  Additional information on soil properties was 
provided in the CDM 2011 report, see Table 4b.  The soil properties are 
generally acceptable values for these types of materials. 

Table 4a 
Soil Properties for Stability Analysis North Embankment 

Soil Description (USCS 
Classification) 

Unit 
Weight 
(pcf) 

Fiction Angle 
(degrees) 

Cohesion  
(psf) 

Dike (SM) 130 34 0 

Dike (SC-SM) 125 34 0 
Existing Soil – Bentonite 

Backfill 
130 38 0 

Proposed Cement Bentonite  70 - - 
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Table 4b 
Soil Properties for Stability Analysis ( From March 16, 2011 Report) 

Material Unit 
Weight 

(pcf) 

Fiction Angle 
(degrees) 

Cohesion  
(psf) 

Ash 80 0 0 

Silty Sand 120 32 0 

Clayey Sand 110 30 0 
Widely Graded Sand 125 0 550 

Sandy Silt (Cooper Marl)  110 0 4,000 

Soil-Bentonite slurry-wall 130 0 0 

Cement-Bentonite slurry 
wall 

80 0 10,000 

Appendix A: Doc 11 – Seismic Slope Stability Analysis 

No part of the Active Ash Pond was constructed over wet ash, slag, or other 
unsuitable materials. 

7.1.3 Uplift and/or Phreatic Surface Assumptions 

Monitoring instrumentation devices have not been installed to verify water 
levels within the embankment.  The assumed phreatic surfaces are shown 
on the figures below and the depiction seems appropriate for these types of 
structures.  No additional information was provided.  The water level of 
the Active Ash Pond was stated to be 72.1’ and the Polishing Pond to be 
63.4’.  These elevations were not verified. 
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7.1.4 Factors of Safety and Base Stresses 

A slope stability analysis was performed determining the factors of safety 
for the stability of the dike with the new slurry wall installed.  A factor of 
safety of 1.6 for static conditions was determined which exceeds the 
required standard of 1.5.  (See Appendix A: Doc 12 – Static Slope 
Stability Analysis). 

 
Table 7.1.4a 

Factor of Safety against Slope Failure (Static Conditions) 
Slope Factor of Safety 

Low Water 
Factor of Safety High 

Water 

Upstream 1.90 1.88 

Downstream 1.64 1.60 
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Factors of safety for seismic loading conditions are listed in table 7.1.4b 
and do not meet the minimum required standard of 1.1.  It was concluded 
by CDM that a deep-seated failure that would compromise the overall 
integrity of the dike during the design earthquake is not likely and that the 
dike will be capable of retaining the coal ash during and immediately 
following the design earthquake event.  However, significant deformation 
of the dike slopes during the design earthquake is likely to occur, 
particularly for the upstream slope.  These deformations could threaten the 
longer term integrity of the dike as a containment facility and not allow 
the impoundment pond to remain functional following the design seismic 
event until repairs are made.  (Appendix A: Doc 11 – Seismic Slope 
Stability Analysis). 

 
Table 7.1.4b 

Factor of Safety against Slope Failure (Seismic Conditions) 
Slope Failure Mode Factor of 

Safety Low 
Water 

Factor of 
Safety High 

Water 

Upstream 

Localized and Surficial 
Failure 0.19 0.18 

Major and Deep Seated 
Failure 1.12 1.16 

Downstream 

Localized and Surficial 
Failure 0.87 0.80 

Major and Deep Seated 
Failure 1.01 1.00 

See Appendix A: Doc 11 – Seismic Slope Stability Analysis 

7.1.5 Liquefaction Potential 

The CDM 2011 report evaluated the potential for liquefaction and 
determined the embankment material is not susceptible to widespread 
liquefaction with the exception of the soil-bentonite wall material.  It was 
noted that this liquefaction screening evaluation was conducted based on 
limited boring, laboratory and cone penetrometer test data (Appendix A: 
Doc 11 – Seismic Slope Stability Analysis).  Soil liquefaction in 
conjunction with seismic activity has been documented in the region by 
the University of South Carolina as well as USGS. 

7.1.6 Critical Geological Conditions 

The site is located within the Coastal Plain of South Carolina.  The 
sedimentary rocks of the Coastal Plain partly consist of sediment eroded 
from the Piedmont and Fall Line and partly of limestone generated by 



FINAL 

Canadys Steam Power Station 7-5 
South Carolina Electric & Gas Coal Combustion Residue Impoundment  
Canadys, South Carolina Dam Assessment Report  

marine organisms and processes.  A highly calcareous-cemented clay and 
silt size stratum refer to as the “Cooper Marl” is typically located about 
60’ below the surface.  The site is also located in a relatively high seismic 
area.  The 1886 Charleston earthquake demonstrated that substantial 
earthquake hazards exist in the region. 

Based on USGS Seismic-Hazard Maps for the Conterminous United 
States, the facility is located in an area anticipated to experience a 0.45 g 
acceleration with a 2-percent probability of exceedance in 50 years. 

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION 

Supporting technical documentation is adequate to ascertain the structural stability 
of the Active ash Pond. 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 

Overall, the structural stability of the dam visually appears adequate, however based 
on the factor of safety for seismic loading conditions, the embankment system does 
not meet required standards. 

The CDM 2011 report recommends that additional analysis be performed to better 
define the risks, to better estimate the likely deformations, and to estimate repairs 
required following a seismic event.  The report notes that additional data on the dike 
and foundation soils and their strength is needed before more detailed engineering 
analyses are performed.  Dewberry engineers agree with these recommendations. 
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION 

 

8.1 OPERATING PROCEDURES 

The ash pond was designed and operated for reservoir sedimentation and sediment 
storage of ash.  Plant process waste water, coal combustion waste, coal pile 
stormwater runoff, and minimal stormwater runoff around the Ash Pond facility are 
discharged into the reservoir.  Inflow water is treated through gravity settling and 
deposition, and the treated process water and stormwater runoff is discharged 
through an NPDES-permitted overflow outlet structure. The outlet structure uses a 
riser/barrel outlet device and the pond’s discharge is controlled by the hydraulic 
performance of the riser/barrel.  The outlet structure does not include devices to 
restrict or control outlet flow. 

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 

Maintenance of the dam and project facilities is adequate, although the following 
maintenance items need to be addressed:  

 Remediate surficial sloughing  

 Bare areas should be vegetated 

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS 

8.3.1 Adequacy of Operating Procedures 

Based on the assessments of this report, operating procedures appear to be 
adequate. 

8.3.2 Adequacy of Maintenance 

Based on the assessments of this report, maintenance procedures appear to 
be adequate, although some minor maintenance repairs are recommended. 
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM 

 

9.1 SURVEILLANCE PROCEDURES 

Quarterly Inspections: 

Quarterly inspections reports were provided by SCE&G/SCANA and can be found 
in Appendix A: Docs 07 – 10. 

Annual Inspections: 

Annual inspections were provided by SCE&G/SCANA and can be found in 
Appendix A: Doc 03 & 04. 

9.2 INSTRUMENTATION MONITORING 

The Canadys Steam Power Station ash impoundment dikes do not have an 
instrumentation monitoring system. 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM 

9.3.1 Adequacy of Inspection Program 

Based on the data reviewed by Dewberry, including observations during 
the site visit, the inspection program is adequate. 

9.3.2 Adequacy of Instrumentation Monitoring Program 

No instrumentation is present at the Active Ash Pond, Inactive Ash Pond 
or Polishing Pond. 
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Water Flow Diagram 
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Response to EPA 
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2010 Annual Inspection 
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2009 Annual Inspections 
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Slope Stability Analysis 
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Additional Stability Analysis 
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Quarterly Inspection 2009.10.09 
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Quarterly Inspection 2010.03.15 
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Quarterly Inspection 2010.06.28 
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Quarterly Inspection 2010.09.29 
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Seismic Slope Stability Analysis 
  



 

Canadys Seismic Stability Analysis Report ‐ Final.docx 

 

Memorandum 
 
To:  Jean‐Claude Younan 
 
From:  François Bernardeau 

Roger Howard Jr. 
Xiaohai Wang 

 
Date:  March 16, 2011 
 
Subject:  Slope Seismic Stability Analyses, South Carolina Electric & Gas Ash Storage 

Pond ‐ Canadys Power Station, Canadys, South Carolina 

Introduction and Background 

This memorandum summarizes our seismic slope stability analyses for the Ash Storage Pond 

dike at the Canadys Power Station in Canadys, South Carolina for South Carolina Electric & Gas 

(SCE&G). These evaluations supplement the static slope stability evaluations conducted by 

Camp Dresser & McKee Inc. (CDM) for the evaluation of the proposed protective capping 

system under heavy construction truck activities, provided in CDM’s memorandum dated  

April 3, 2007. 

Elevations (El.) herein are in feet and referenced to the North America Vertical Datum (NAVD) 

of 1988. 

Project and Site Description 

The 95‐acre ash storage pond is located in Canadys, South Carolina, adjacent to the South 

Carolina Electric & Gas (SCE&G) Canadys Station power plant facility. The ash pond is 

surrounded by an approximately 8,300 feet long dike as shown in Figure 1. The dike was 

constructed in 1987 from original ground surface at approximately El. 60 to store coal ash 

generated at the facility. A soil‐bentonite (S‐B) slurry wall was constructed from the dike crest 

through the underlying permeable sands to prevent seepage from the pond water into the local 

groundwater network.  

In 2007, a cement‐bentonite (C‐B) slurry wall was constructed along the centerline of the dike 

and keyed about 4 feet into Cooper Marl formation to further reduce water seepage. Depending 

on the location along the dike, the S‐B wall is either upstream or downstream of the C‐B wall, 

with the distance between the S‐B and C‐B walls ranging from 0 to 17 feet. A capping system 
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consisting of one layer of Geosynthetic Clay Liner (GCL), one layer of geogrid, and compacted 

base course material was constructed on top of the C‐B slurry wall at the dike crest. The top of 

the dike is at approximately EL. 80 with an upstream slope of about 3:1 (H:V) into the pond and 

the downstream slope of about 2.5:1 (H:V). Figure 2 presents a typical cross‐section of the dike. 

The current operating water level in the ash storage pond is at about El. 72, which is 

approximately 8 feet below the dike crest. CDM understands that SCE&G is considering raising 

the pond water elevation by 2 feet to El. 74. The groundwater level outside the ash storage pond 

is at about El. 59.  

Figure 1. Aerial Image of Canadys Station Ash Storage Pond Site 

Basis of Evaluation 
CDM reviewed the existing geotechnical data reports from Withers & Ravenel, Inc. (2003) and 

F&ME Consultants (2009). 

Withers & Ravenel’s report presented logs and lab testing data, which included 15 geotechnical 

test borings and 25 cone penetrometer test (CPT) probes, as well as records of 6 monitoring 

wells along the dike. The investigation was performed to evaluate the condition of the S‐B 

slurry wall. Therefore, the majority of the borings and CPT probes penetrated through the S‐B 
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slurry wall or along the edge of the S‐B wall. Only one boring (WR‐7OW) and 8 CPT probes 

apparently penetrated the dike soils outside the limits of the S‐B wall. In addition, six 

monitoring wells (GW‐33 through GW‐38) penetrated through the widely graded sand layer 

and terminated at the top of Cooper Marl formation. These explorations (1 boring, 8 CPTs, and 

6 monitoring wells) were used to evaluate dike and underlying soil properties and as the basis 

for conducting the liquefaction screening evaluation.  

Previous boring logs, lab testing report, CPT logs, and monitoring well records are attached in 

Attachments A~D. 

F&ME performed field reconnaissance of wet areas surrounding the pond. Shallow hand augers 

were used to retrieve soil samples. Due to the limited data, it was not used to evaluate soil 

properties. 

Figure 2. Typical Cross‐Section of the Ash Storage Pond Dike 

Subsurface Conditions 

The following description of the dike material and corresponding Standard Penetration Test 

(SPT) N‐values are mainly based on the boring log at WR‐7OW in conjunction with our review 

of the relevant CPT logs. As shown in Figure 2, subsurface conditions underlying the dike 

generally include a sequence of dike fill consisting of silty sand and clayey sand, overlying a 

naturally deposited widely graded sand deposit, over the Cooper Marl formation. 
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Dike Fill. The upper approximately 15 feet of the Dike Fill generally consists of silty sand. The 

silty sand generally consists of medium dense fine to medium subangular SAND with about 15 

to 20% fines. SPT N values in the silty sand range from 27 to 29 blows per foot (bl/ft) with an 

average of 28 bl/ft. CPT tip resistance values typically ranged from 75 to 100 tsf with occasional 

looser zones around 30 tsf. The Dike Fill underlying the silty sand consists of clayey sand and 

extends to a depth of about 24 feet. The clayey sand is medium dense fine to medium 

subangular SAND with about 40 to 50% fines. SPT N values in the clayey sand range from 24 to 

29 bl/ft with an average of 26 bl/ft. CPT tip resistance values typically ranged from 80 to 100 tsf 

with occasional looser zones around 40 tsf.  

Widely Graded Sand. A Widely Graded Sand layer underlies the Dike Fill and is about 16 feet 

thick. It consists of medium dense to dense fine to coarse subrounded to subangular SAND with 

about 5 to 10% fines. SPT N values in the Widely Graded Sand range from 24 to 54 bl/ft with an 

average of 39 bl/ft from log of WR‐7OW and range from 8 to 32 lb/ft with an average of 17 bl/ft 

based on the well logs. CPT tip resistance values typically ranged from 60 to 80 tsf with 

occasional looser zones around 40 tsf. 

Cooper Marl. The Widely Graded Sand is underlain by a sandy silt layer locally termed the 

Cooper Marl formation. It consists of dense fine subangular sandy SILT. The average N‐value in 

the layer is over 50 bl/ft and CPT tip resistance values typically ranged over 200 tsf with 

occasional zones around 100 tsf.  

The existing S‐B wall was encountered by most of the borings and CPT probes. It consists of 

fine to medium subangular clayey SAND. Lab testing data show that the fine content of this 

material ranges from 3.0 to 33.6% with an average of 13.6%. SPT N‐values within the S‐B 

material range from 0 to 21 bl/ft and CPT tip resistance values typically ranged from 2 to 10 tsf 

with occasional values over 20 tsf.  

The recently constructed C‐B wall is about 2.5 feet wide and located approximately along the 

dike centerline. Unconfined compressive strength of C‐B samples ranged from 137 pound per 

square inch (psi) to 421 psi with an average of 236 psi.  

Seismic Slope Stability Evaluation Overview 
Our seismic slope stability evaluation followed typical recommended practices for a screening 

level analysis. This process consists of several steps: 

1. Establish seismic criteria for a design earthquake – select a set of criteria with earthquake 

return interval(s) based on the seismic hazard, relevant codes/regulation, type and 

importance of the structure, risk of loss of life, loss of service, etc.; 

2. Develop ground motions parameters – determine ground motion parameters from USGS 

maps for the design earthquake;  
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3. Develop a 2D dike model – identify the typical dike geometry and soil profile, determine 

dynamic soil strength properties, and determine if soil strength loss could occur during the 

design earthquake due to liquefaction or stain softening; and 

4. Perform a dynamic slope stability analysis – evaluate the dike slope stability as it is 

subjected to the design seismic event, using pseudostatic slope stability evaluation methods.  

The purpose of a screening level seismic slope stability analysis is to determine if it is probable 

that significant deformations could occur during strong ground shaking. If the results suggest 

such deformations are likely, then additional analysis should be considered. Each of the above 

steps can be performed to a higher standard using more sophisticated procedures, most of 

which are likely to require a more detailed understanding of site‐specific conditions. The 

objective of the more sophisticated analysis is to develop a better understanding of the probable 

horizontal and vertical deformations that could occur in the dike and foundation soils.  

Seismic Design Criteria 
Seismic design criteria are typically formulated in terms of probability of occurrence of the 

design earthquake event (recurrence interval) and criteria for the performance of the 

structure/facility when subjected to the given level of shaking.  

Probability of Occurrence. Common probabilities/recurrence intervals used in current 

building codes and standards are: 

 2% probability of exceedance in 50 years (return period of 2,475 years), and 

 10% probability of exceedance in 50 years (return period of 475 years). 

Performance Criteria. Performance criteria typically specify the acceptable level of 

performance (or damage and/or interruption of service) under a specific seismic event defined 

by a recurrence interval. Different design earthquakes may be selected with different recurrence 

intervals. Performance criteria will vary for different design earthquakes and it is generally 

accepted that as the probability of an event decreases a lower level of performance is deemed 

acceptable.  

Project Seismic Design Criteria. Currently there are no seismic design criteria that govern 

coal ash storage ponds. However, USEPA RCRA Subtitle D (385) (1995) provides guidelines and 

procedures for the seismic design and seismic stability evaluation for landfills. Because of the 

similarity in function and structure of the coal ash dike to landfill facilities and the fact that the 

US EPA regulates both facilities, we consider that it is appropriate and conservative to use the 

EPA guidelines (1995) for evaluating the seismic stability of the ash storage pond.  
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These EPA guidelines define the design earthquake as an event with a 10% probability of 

exceedance in 250 years, which corresponds to a return period of 2,373 years. We recommend 

that the associated performance criteria for this high level of design earthquake be that the dike 

is capable of retaining the coal ash following the design event, but that the dike may experience 

localized surficial failures and deformation which will require repair to facilitate continued use 

of the pond.  

Ground Motion Parameters 
The geometric mean peak ground acceleration (PGA) was estimated using the 2008 USGS 

National Seismic Hazards Mapping Project data and the project location at ‐80.6164° W and 

33.0713° N. The 2008 USGS data set reflects the state of the art in ground motion evaluations 

and has been incorporated in the latest version of ASCE Standard 7‐10 “Minimum Design Loads 

for Buildings and Other Structures” (2010). ASCE 7‐10 defines the geometric mean PGA as the 

standard for evaluation of liquefaction, lateral spreading, seismic settlements, and other soil 

related issues. Accordingly, the ASCE 7‐10 PGA value is judged to be appropriate for use in 

seismic slope stability evaluation of the coal ash retaining dike.  

ASCE 7‐10 defines a maximum considered earthquake (MCE) to be an event with a 2% 

probability of exceedance in 50 years (2,475 yr return interval), which is close to and slightly 

greater than the return interval for the recommended design event of 10% probability of 

exceedance in 250 years (2,373 yr return interval) specified in the EPA guidelines (1995).  

The ground motion parameters obtained using ASCE 7‐10 are summarized in Table 1, below. In 

addition, we estimated the associated earthquake magnitude for the design event as the mean 

earthquake magnitude from a deaggregation of the 2008 USGS earthquake hazard data 

associated with 2,475 year design event.  

Table 1. Summary of Ground Motion Parameters 

Site Class 
Return Period 

(years) 

Peak Ground 

Acceleration (g) 

Mean 

Magnitude 

B  2,475  0.47  6.8 

D  2,475  0.48  6.8 

The PGA values obtained from the USGS seismic hazard mapping are applicable to soft rock 

sites (Site Class B). The Site Class B ground motions have been adjusted to Site Class D to 

account for site‐specific subsurface conditions using the procedures outlined in ASCE 7‐10.  
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Dike Stability Model 
Model Geometry 

The dike geometry was developed based on typical dike cross‐section and the soil profile, as 

presented in Figure 2. The subsurface layering was developed based on the subsurface 

conditions interpreted from the available boring and CPT data.  

The dike crest width is 16 feet, based on the an average current dike width and the upstream 

side slope is 3:1 (H:V) and the downstream slope is 2.5:1 (H:V), based on the data provided by 

SCE&G during C‐B slurry wall construction in 2007. The toe of the dike is set to be at El. 60, 

which is close to the low point outside the pond and is conservative for the downstream side 

slope stability in the analysis.  

Soil Parameters 

The soil properties are evaluated based on boring logs, lab testing data, and CPT tip resistance 

data provided in Withers & Ravenel, Inc. report. The unit weight and friction angle values of the 

sandy soils are estimated using correlations with SPT N‐values provided in NAVFAC DM‐7.1 

(1986) and correlations with CPT tip resistance provided by Robertson and Campanella (1983). 

Lab testing data were used to estimate the unit weight of the S‐B wall material. The stability 

evaluation soil parameters are summarized in Table 2, below. 

Table 2. Dike Soil Properties for Stability Analysis 

Material 
Unit 

Weight 
(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Remarks 

Ash  80  0  0  Assume no strength  

Silty Sand  120  32  0 
Average N=28; average CPT tip resistance = 68

tsf 

Clayey Sand  110  30  0 
Average N=26; average CPT tip resistance = 80 

tsf 

Widely Graded 
Sand 

125  0  550 

Assume liquefiable under the design 
earthquake event. Residual shear strength of 

550 psf is used in the analysis (see Liquefaction 
Evaluation, below). 

Sandy Silt 
(Cooper Marl) 

110  0  4,000  N>50, CPT tip resistance > 100 tsf 

Soil‐Bentonite 
slurry wall 

130  0  0 
N ranges from 0 to 21. Assuming no strength 
during earthquake due to liquefaction (see 

Liquefaction Evaluation, below) 

Cement‐
Bentonite 
slurry wall 

80  0  10,000 
Tested unconfined compressive strength  

>137 psi 
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In addition to evaluating the slope stability with the baseline parameters summarized in  

Table 2, additional parametric analyses were conducted to account for the potential variation 

of the dike soil parameters along the length of the dike. The parametric evaluation considered a 

variation (reduction) of friction angles of the dike by up to 3 degrees.  

Liquefaction Evaluation  

Background. Liquefaction is the loss of strength that can occur in a loose, saturated sand and 

silt during (or immediately following) seismic shaking. As loose granular soils are shaken, their 

tendency to contract and compress leads to the development of positive pore pressures. If the 

intensity or duration of the shaking is large enough and/or long enough, the buildup in pore 

pressure can produce a significant loss of shear strength. Liquefaction is said to occur when the 

excess pore pressures exceed the effective stress of the soil. If the shaking continues after the 

onset of liquefaction, liquefaction can produce a number of ground effects (e.g., loss of soil 

strength, sand boils, settlement, lurching, and lateral deflection).  

The susceptibility of a granular soil to liquefaction is a function of the age, gradation, density, 

and fines content of the soil. The susceptibility to liquefaction decreases with respective 

increases in: (a) distribution of grain size, (b) soil density, (c) fines content, and (d) clay‐size 

fraction of the fines. The susceptibility to liquefaction also tends to decrease as a function of the 

age of the deposit. 

The screening evaluation of the liquefaction susceptibility of the soil deposits was primarily 

based on the procedure recommended by the National Center for Earthquake Engineering 

Research (NCEER), as summarized in Youd et al. (1996). The NCEER procedure is generally 

consistent with the liquefaction evaluation procedures outlined in the referenced EPA guidance 

(1995) document, but is considered a more advanced evaluation procedure than the older EPA 

procedure.  

Screening Evaluation and Results. Based on limited available blow count data the dike fill 

material is not susceptible to widespread liquefaction (with the exception of the S‐B wall 

material). However, the available CPT data suggest that localized zones within the dike may 

experience liquefaction during the design seismic event. Based on the available blow count, 

grain size data and CPT data the Widely Graded Sand layer underlying the dike is likely 

susceptible to liquefaction during the design seismic event.  

To account for the strength loss associated with liquefaction, the stability analyses were 

conducted assuming zero strength for the S‐B wall material and a residual shear strength of 550 

psf for the Widely Graded Sand, based on residual strength relationships established by Idriss 

and Boulanger (2007).  

We note that this liquefaction screening evaluation was conducted based on the limited 

available boring (blow count), laboratory (grain size) and CPT data. In addition, the quality of 
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the available blow count data (e.g. hammer type, hammer energy, drilling methods, etc) used in 

the liquefaction evaluations is not well documented. Finally, depending on the proximity of the 

borings and CPT probes to the S‐B wall, the relatively soft/loose S‐B wall material may have 

impacted the blow counts and CPT data.  

Dynamic Slope Stability Analysis 

The seismic stability analysis performed generally followed the procedures provided in EPA 

Guidelines (1995), which include: 

1. Assign appropriate dynamic strength parameters. The parameters in Table 2 have been 

already adjusted based on the results of the liquefaction screening evaluation. 

2. Evaluate the seismic coefficient, k. The EPA guidelines (1995) state that the maximum value 

of k may be determined as k = 0.5 amax /g to limit permanent seismic deformations to less 

than 1 foot. For our analysis, amax is the geometric mean PGA determined in accordance with 

ASCE 7‐10 adjusted for site class (0.48g). Therefore: 

k = 0.5 amax /g = 0.24 

3. Perform a pseudo‐static stability analysis for different cases using the Morgenstern‐Price 

methods in the computer program SLOPE/W (GEO‐SLOPE, version 2007). The program 

applies the pseudo‐static load representing seismic loading acting through the sliding slice 

centroid in a limit‐equilibrium analysis. Cases studied include stability for both the 

upstream and downstream side slopes of the dike and ash storage pond water levels (at El. 

72 and 74).  

Analysis Results 

The dynamic slope stability factor of safety for each analyzed case is summarized in Table 3.  

The factor of safety for major and deep seated slope failures (global failure) that pass through 

the C‐B containment wall and would compromise the ability of the dike to retain the stored ash 

during the design earthquake is above 1.0 for both upstream and downstream slopes. The factor 

of safety for localized and surficial failure on both upstream and downstream slopes is less than 

1.0 indicating that deformation exceeding 1 foot is likely during the design seismic event. The 

decrease of factor of safety due to rising of pond water level from El. 72 to 74 is not significant 

(within 5%).  

 



 
 
Slope Seismic Stability Analyses, Canadys, South Carolina 
March 16, 2011 
Page 10 

Canadys Seismic Stability Analysis Report ‐ Final.docx 

Table 3. Factor of Safety against Slope Failure 

Slope  Failure Mode 
Factor of Safety 

Low Water 
Factor of Safety 
High Water 

Upstream 

Localized and Surficial 
Failure  0.19  0.18 

Major and Deep Seated 
Failure  1.12  1.16 

Downstream 

Localized and Surficial 
Failure  0.87  0.80 

Major and Deep Seated 
Failure  1.01  1.00 

 

To assess the effect of the possible variability of soil density, a parametric evaluation was 

conducted by reducing the friction angle of the dike materials by up to 3 degrees. The 

parametric evaluations indicate that the factor of safety remains greater than 1.0 with the 

reduced friction angles for major and deep seated slope failures. Additional stability analyses 

were conducted using a range of seismic coefficients to verify convergence of the analyses as 

recommended by GEO‐SLOPE. The results of the analyses show a gradual reduction of factor of 

safety and good convergence of the analyses with the increase of the seismic coefficient. 

Output plots from the program are included in Attachment E.  

Conclusions and Recommendations 

Based on the results of this screening level seismic slope stability analysis, we conclude that a 

deep‐seated failure that would compromise the overall integrity of the dike during the design 

earthquake is not likely and that the dike will be capable of retaining the coal ash during and 

immediately following the design earthquake event.  

However, significant deformation of the dike slopes during the design earthquake is likely to 

occur, particularly for the upstream slope. These deformations could threaten the longer term 

integrity of the dike as a containment facility and not allow the impoundment pond to remain 

functional following the design seismic event until repairs are made.  

Our evaluation is based on limited geotechnical data for the dike. This data indicates there is a 

risk of liquefaction and significant deformation of the dike slopes during the design earthquake. 

We recommend that additional analysis be performed to better define the risks, as well as 

provide a better estimate of the likely deformation and required repairs required following a 

significant seismic event. However, it would not be beneficial to perform more detailed analysis 

without obtaining additional data on the dike and foundation soils and their strength. We can 
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assist with developing and executing an investigation and analysis program that will provide a 

much better estimate of probable slope movements during a significant design earthquake.  
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Morgenstern-Price Analysis
Distance between S-B wall (upstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 1     Phi: 0     
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Morgenstern-Price Analysis
Distance between S-B wall (upstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 1     Phi: 0     
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Morgenstern-Price Analysis
Distance between S-B wall (upstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 1     Phi: 0     

Seismic Stability Analysis - 95-Acre Ash Storage Pond, Canadys, SC

Ash

Widely Graded Sand

Cooper Marl

Clayey Sand

Silty Sand

C-BS-B

Capping System

Distance

-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

el
ev

at
io

n

0

10

20

30

40

50

60

70

80



1.155

Morgenstern-Price Analysis
Distance between S-B wall (upstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 130     Cohesion: 1     Phi: 0     
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Morgenstern-Price Analysis
Distance between S-B wall (downstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 115     Cohesion: 1     Phi: 0     
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Morgenstern-Price Analysis
Distance between S-B wall (downstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 115     Cohesion: 1     Phi: 0     
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Morgenstern-Price Analysis
Distance between S-B wall (downstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 115     Cohesion: 1     Phi: 0     
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Morgenstern-Price Analysis
Distance between S-B wall (downstream) and C-B wall: 1 foot

Seismic coefficient: k=0.24

Name: Silty sand     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: Clayey sand     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 0     Phi: 30     
Name: Widely graded sand     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 550     Phi: 0     
Name: Cooper Marl     Model: Mohr-Coulomb     Unit Weight: 110     Cohesion: 4000     Phi: 0     
Name: Ash     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 1     Phi: 0     
Name: C-B wall     Model: Mohr-Coulomb     Unit Weight: 80     Cohesion: 10000     Phi: 0     
Name: Common fill     Model: Mohr-Coulomb     Unit Weight: 120     Cohesion: 0     Phi: 32     
Name: GABC     Model: Mohr-Coulomb     Unit Weight: 125     Cohesion: 0     Phi: 38     
Name: Soil-Bentonite     Model: Mohr-Coulomb     Unit Weight: 115     Cohesion: 1     Phi: 0     
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CDM (2007) performed slope stability analyses of the dike with the new protective capping system 

combined with a travel surface to handle heavy construction truck activities. Five optional protective 

capping systems with heavy truck load on top of the dike were analyzed.  

Both of the previous slope stability analyses assumed temporary construction conditions. This 

involved heavy equipment surcharge on top of the dike and assumed that the cement bentonite 

cutoff wall is under construction; therefore, it has limited strength. The cement bentonite cutoff wall 

was constructed in 2007. Lab testing results indicated that the unconfined compressive strength of 

the wall material is greater than 137 psi. 

It should be noted that the updated static stability analyses summarized below are based on the 

current condition, under which the strength of the cement bentonite cutoff wall is largely developed 

and there is not construction surcharge load on top of the dike.  

Basis of Evaluation 
Soil properties used in the updated analyses were based on geotechnical data presented in Withers & 

Ravenel’s report (2003).  

The soil unit weight and friction angle values of the sandy soils are estimated using correlations with 

SPT N‐values provided in NAVFAC DM‐7.1 (1986) and correlations with CPT tip resistance provided by 

Robertson and Campanella (1983). The stability evaluation soil parameters are summarized in Table 1. 

Table 1 

Dike Soil Properties for Stability Analysis 

Material 
Unit 

Weight 
(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Remarks 

Ash  80  0  0  Assume no strength  

Silty Sand  120  32  0  Average N=28; average CPT tip resistance = 68 tsf

Clayey Sand  110  30  0  Average N=26; average CPT tip resistance = 80 tsf

Widely Graded Sand  125  28  0  Average N=17; average CPT tip resistance = 60 tsf 

Sandy Silt (Cooper 
Marl) 

110  0  4,000  N>50, CPT tip resistance > 100 tsf 

Soil‐Bentonite slurry 
wall(1) 

130  25  0  N ranges from 0 to 21.  

Cement‐Bentonite 
slurry wall 

80  0  10,000 
Tested unconfined compressive strength  
>137 psi 

(1) Lab testing data was used to estimate the unit weight of the S‐B wall material that was installed in 

1986. SB wall material properties have also been used in these analyses. 
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Static Slope Stability Analysis for Current Dike Condition 
Static stability analyses for different cases were performed using the Morgenstern‐Price methods in 

the computer program SLOPE/W (GEO‐SLOPE, version 2007). Cases studied include stability for both 

the upstream and downstream side slopes of the dike and ash storage pond water levels (at El. 72 and 

74). The static slope stability factor of safety for each analyzed case is summarized in Table 2.  

The factor of safety for slope failures under current conditions is above 1.5 for both upstream and 

downstream slopes. The decrease of factor of safety due to rising of pond water level from El. 72 to 

74 is not significant (within 5%).  

Table 2 

Factor of Safety against Slope Failure (Static Stability) 

Slope 
Factor of Safety Low Pond 

Water Level at El. 72 
Factor of Safety High Pond 

Water Level at El. 74 

Upstream  1.90  1.88 

Downstream  1.64  1.60 

The stability analysis results are attached in Attachment A. 

Conclusions 
Based on the results of the updated static slope stability analyses, we conclude that the dike will be 

stable and capable of retaining the coal ash under current working conditions.  
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